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Introduction
Populations living near the coast in England are healthier than those inland (Wheeler et al., 2012) and longitudinal data suggest that individuals are healthier during periods when they live closer to the coast (White et al., 2013a) . One factor may be that living closer to the coast fosters higher levels of physical activity (PA) and consequent health benefits. Regular PA is associated with a reduced risk of obesity, diabetes, heart disease and depression (NICE, 2008 (NICE, , 2012 and can be just as effective as medication in reducing associated mortality (Naci & Ioannidis, 2013) .
Studies in Australia and New Zealand, mostly using relatively small samples, report a positive association between living near the coast and rates of self-reported PA, (mostly walking; Ball et al., 2007; Bauman et al.,1999; Humpel et al., 2004; Witten et al., 2008) . However, as far as we are aware this issue has not previously been investigated outside of Australasia and in countries, such as England, with different cultures and climates.
A further issue is the lack of direct evidence that any coastal proximity effect really is due to greater time spent being active at the coast. Evidence exists that people who live near the sea do spend more leisure time at the coast (White et al., 2013a; Schipperijn et al., 2010) but we know of no research that has explored the relationship between frequency of coastal leisure visits and PA. Establishing this relationship is necessary if visit frequency is to account for any association between coastal proximity and PA, rather than activity being conducted in other locations such as gyms. A similar approach has been taken in studying whether associations between residential neighbourhood green space and PA are mediated by time spent in green space (e.g. Coombes et al., 2010; Lachowycz & Jones, 2014; Ord et al., 2013) but this is yet to be extended to coastal analysis.
Finally, there has been little exploration of potential moderators of any coastal proximity-PA relationship, in part because the relatively small sample sizes of the few studies that have been conducted prevent such an analysis. However, moderators such as socio-economic status (SES, Ord et al., 2013; Jones et al., 2009 ) and gender (Wheeler et al., 2010) have been identified in studies of the relationship between local green space and PA. Whilst findings from these studies are mixed, there is some evidence of effect modification, which may also be important for coastal proximity and PA. In previous research we found a stronger association between residential coastal proximity and population self-reported health in more deprived areas (Wheeler et al., 2012) and this may also be reflected in PA in these areas. Moreover, the Australian studies investigating coastal proximity and PA revealed relatively strong effects for women (Ball et al., 2007; Humpel et al., 2004) but not men (Humpel et al., 2004) . Other potential demographic moderators such as age have not been explored previously, nor have issues such as season of data collection or geographical location. Season and location, especially latitude, may play a role due to higher temperatures encouraging more interaction with the coast at some times of the year or in some places.
The current research addressed these underexplored issues using a large nationally representative English survey, the Monitor of Engagement with the Natural Environment (MENE, Natural England, 2011a). Specifically, we asked three key questions: 1) is greater residential coastal proximity associated with increased PA in England?; 2) if there is an association, is it mediated by visits to the coast (i.e. due to time actually spent in this environment)?; and 3) is there any evidence of moderation of the association by age, sex, SES, season or region?
Method

Participants
Participants were 183,755 individuals who took part in the MENE survey during the years 2009-2012 and for whom local area data were available (97.3% of 188,774).
The MENE is commissioned by Natural England, a government body promoting public understanding, conservation and enjoyment of the natural environment. It is part of a face-to-face nationally representative omnibus survey conducted across the whole of England and throughout the year to reduce potential geographical and seasonal biases (Natural England, 2011b) .
Physical activity
7 from a few minutes to all day. It may include time spent close to your home or workplace, further afield or while on holiday in England. However, this does not include routine shopping trips or time spent in your own garden" (Natural England, 2011b, p. 27 " (q2, p.28, Natural England, 2011b) . Of the total sample, 7,511 (4.1%) reported visiting an outdoors destination in a seaside resort, 3,490 (1.9%) reported visiting the open coast, and 824 (0.8%) reported visiting both. Preliminary analysis using these separate groupings suggested that individuals reporting any of these visits all had a significantly greater likelihood of physical activity (than individuals who reported no coastal visit) and that the patterns of visit type were broadly similar across regions (Supplementary Table A) . Given also that most seaside resorts are linked directly to open coast and we are not sure which part people visited we collapsed all three categories of coastal visitor into a single group, i.e. coastal visitors, n = 11,825 (6.4%). Using a single grouping did not affect the main results (contact the authors for further details).
Area level control variables
Area level controls were also derived from LSOA data. Perhaps the most important, given previous work, was the amount of green space present. This was calculated as the percentage of LSOA land cover (assessed at the resolution of 10m 2 ) accounted for by 'green space ' and 'gardens' combined (White et al., 2013b) using data from the Generalised Land Use Database (ODPM, 2005) . Green space quintiles based on the distribution of green space across all LSOAs in the sample were derived.
Mean percentage green space was 89.96% (SD = 5.14) in the highest quintile and 10.50% (SD = 5.61) in the lowest quintile. (DCLG, 2008) . Total Indices of Deprivation (IMD) scores were structured into quintiles (most deprived M = 49.54 (SD = 9.74), least deprived M = 6.22 (SD = 2.10). England is also categorised into nine, Government Office Regions (GORs, Figure 1) . It was not possible to control directly for GOR, because two regions (London, West Midlands) had no coastline, and a third (East Midlands) had no participants in the MENE survey who lived within 1km of the coast. Analyses were therefore stratified separately by the six regions with an immediate coastal population in the MENE to examine the effects of North-South, East-West coastal locations.
Individual Level Controls
Individual level controls included: gender, age (categorised as [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 
Analysis strategy
Logistic regressions were conducted in Stata 13 (StataCorp, College Station, TX) to investigate the odds of a) coastal visits, b) ≥5 days LTPA and c) 1-4 days LTPA, in the last week, as a function of coastal proximity. Results for unadjusted and adjusted models are reported, with separate models of LTPA also adjusting for coastal visits. Table C) . Coastal visits were also more likely if respondents were <35yrs vs. ≥65yrs old, not in lowest social grades (DE), not in full-time employment, had children in the home, were White British, had no illness or disability, owned a car, owned a dog, and were not interviewed in winter.
Results
Coastal visits
Physical activity
A total of 41,856 (22.5%) respondents reported ≥ 5 days of LTPA in the last week (21,159 males (24.8%) and 20,697 females(21%)). Of the remainder, 63,580 (34.6%) respondents reported at least one and up to four days LTPA a week, and 78,319 (42.6%) reported no days.
As hypothesised, there was a coastal proximity gradient for reporting ≥5 days LTPA last week (Tables 1 & 3) . In the unadjusted model, the OR comparing residence <1km vs. >20km from the coast was 1.13 (95% CI 1.07, 1.18). Although attenuated in the adjusted model, the associations for both <1km (OR = 1.08, 95% CI 1.03, 1.14) and 1-5kms (OR = 1.04, 95% CI 1.00, 1.08) remained significant.
There was no equivalent green space gradient although the most and third greenest areas were associated with slightly higher odds than the least green area. Reporting ≥5 days LTPA was also significantly more likely if individuals did not live in the most deprived area and were: Male; <35yrs vs. ≥65yrs old; not in the DE social grades; not working (compared to in full-time employment); unmarried; White British, had no illness or disability, owned a dog, did not own a car and were interviewed in any season except winter (Supplementary Table D) .
When coast visits were added to the model two findings emerged (Table 3) . First, the odds of reporting ≥5 days LTPA were significantly greater for visitors than nonvisitors (OR = 1.62, 95% CI 1.55, 1.69). Secondly, the observed coastal gradient disappears. Table E) ; individuals living <1km from the coast were no more likely to report 1-4 days LTPA than those living >20km.
Moderators of the coastal gradient association with ≥5 days LTPA
Potential moderating effects of age, gender, SES and season on the association between coastal proximity and ≥5 days LTPA were investigated using likelihood ratio tests to compare models with and without interaction terms. In all four cases adding the interaction terms did not significantly improve the models: age, p = 0.36; gender, p = 0.56; social grade, p = 0.29; season, p = 0.54. There was therefore no evidence of moderation of the coastal proximity association by these variables.
Stratification by coastal region
Stratification by region, however, revealed very large differences in the relationship between coastal proximity and ≥5 days LTPA (Figure 1 ). Whereas a relatively strong coastal proximity gradient was seen for the North West and South West GORs, there was no such pattern for any east coast region. The significant nature of this regional interaction was confirmed by rerunning the main model excluding the three noncoastal GORs (region x coastal proximity, p<.001). Moreover, and also potentially importantly for public health, a coastal gradient for 1-4 days LTPA was also seen in the South West, and to some extent North West, but again not in any eastern region ( Figure 2 ).
Discussion
Taken as a whole, the positive relationship between an increased probability of achieving PA guidelines (through leisure and travel alone), and living near the English coast broadly replicates findings from Australia and New Zealand (Ball et al., 2007; Bauman et al., 1999; Humpel et al., 2004; Witten et al., 2008) . That coastal visit frequency mediated the relationship suggests that coastal dwellers are not simply exercising more, for instance in indoor gyms, but are using the coast for Table B) .
Together, this suggests that it isn't visit frequency that is key but the activities people engage in when there that might be important. For instance, it may be that western Any coastal visit includes all three of the previous categories and is the variable we use in the main analyses. 
